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[Following  is  a  translation  of  an  article  in  French  by  Gh. 
Chany  of  the  Vims  Research  Center,  Saint  Vincent  do  Paul 
Hospital,  P.aris,  in  tin*  Oerman-language  periodical  Archlv 
for  dio  cesamta  VirusfbrschunE  (Archives  for  General  Virus 
Research),  So  i.3,  19^3,  pages  2$t-301.  ] 


Introduction 

The  isolation  of  adenoviruses  in  1953  by  Rove  and  his  associates 
constituted,  an  important  event  in  the  history  of  respiratory  diseases  of 
viral  origin.  After  the  work  on  poliomyelitis;,  the  study  of  respiratory 
viruses  -was  the  first  to  profit  by  the  new  cell  culture  methods.  But 
the  isolation  of  this  group  of  viruses  had  another,  important  interest 
for  pathology,  vhich  is  only  now  being  revealed. 

Ihe  -work  of  Rowe  and  others  (1)  showed  that  the  cell  culture  method 
permits  the  discovery  cf  viruses  persisting  in  the  tissues  in  a  latent 
state.  In  fact,  cultures  of  snygdalian  sells  reveal  adenoviruses,  while 
extracts  of  these  same  amygdalae,  introduced  in  cell  culture  by  inocula-^ 
tion  do  not,  as  a  general  rule,  permit  isolation.  . 

Definition 

The  virus  develops  inside  the  nucleus,  undergoing  under  the  optical 
microscope  characteristic  nuclear  changes  specifically  connected  with  the 
adenoviruses  (2,3,4,5.6).  .  Hie  precocious  lesions  are  negative  Feulgea 
eosinophils  inclusions.  In  the  more  advanoed  stages  of  evolution,  the 
nucleus  ie  more  and  more  loaded  with  a  basophilic  material  rich  in  UJA 
(deoxyribanudLoio  acid),  forming  a  central  inclusion  surrounded  by  a  clear 
cone,  opnstrleted  in  places,  the  Whole  taking  on  the  henceforward  classical 
rose-pink  aspect.  The  eo slnophlla . inclusions  correspond  to  protein  crystals; 
the  basophilic  inclusions  contain  viral  particles. 

In  electronic  micro  soopy  the  viral  particles  are  fbund  to  be  grouped 
in  a  crystalline  formation  (7.8).  Hie  diameter  of  a  particle  is  approx¬ 
imately  from  80  to  100  millimicrons.  Hie  virion  is  made  up  of  a  2,3,5 
cubic  symmetry  capsule  (capside)  composed  of  252  subunits  or  capsomares 
(9).  The  genetic  material  of  the  virus  is  deoxyribonucleic  acid.  In  the 
cells,  the  viruses  of  this  group  produce  proteins,  one  of  which  constitutes 
the  antigen  deviating  the  oomplwaent  common 'to  this  group  (10).  Another 
of  these  proteins  is  the  cell-separating  factor  (11,12)  characteristic  of 
the  adenoviruses.  According  to  their  type,  the  adenoviruses  hemd|glntlnate 


hnaan  rs*i  corpuscles  aa  veil  us  those  of  the  morfioy,  the  nouse.  end/or 
the  rat  (13).  Inhibition  of  henagglntlnation  permits  the  type  classifica¬ 
tion  of  adenoviruses.  Ibis  reaction  can  also  "be  utilized  to  reveal  the 
antibodies  inhibitig;  hen  agglutination  In  infected  subjects  (14). 

The  antigenic  properties  of  the  shell  enable  us  to  distinguish 
28  different  types,  of  adenoviruses  that  may  be  revealed,  through  neutral¬ 
ization  reactions  with  the  help  of  a  specific  immune  serum.  As  the  capsule 
(cap side)  contains  no  lipid  components,  adenoviruses  are  resistant  to 
ether.  ’ 


Adenoviruses  have  been  Isolated  in  nan  as  veil  as  in  animals 
(monkey  (15)*  dog  (16),  and  foul). 

Clinically,  the  adenoviruses  can  produce  acute  and  chronic  infec¬ 
tions. 

L.  Clinical  Manifestations  Observed  in  Acute  Infections 

j 

A  very  large  number  of  infections  may  occur  without  any  clinical 
symptoms.  They  may  he  associated  with  or  aoooagpanied  by  minor  manifesta¬ 
tions  T*iidh  may  pass  virtually  unnoticed.  The  existence  of  tmapparent 
infections  must  always  be  taken  Into  oansldsratLon  in  evaluating  epidemiol¬ 
ogical  investigations.  • 

The  virus  is  usually  isolated  from  pharyngeal  secretions  or  from 
stools,  Eecantly,  dresser  and  Kibriok  isolated  this  virus  also  from 
urine  (17). 

Diagnosis  is  baaed  on  the  isolation  of  the  virus  and  on  the  sig¬ 
nificant  rise  in  antibodies  (establishing  the  complement,  neutralising 
or  inhibiting  hagag&Latimyti »»)  by  comparing  the  sextans  taken  at  the  acute 
stage  of  the  disease  and  at  the  period  of  oonvalesoenoe.  The  relation  a 
between  infection  and  dinloal  manlfestatlans  depend  on  statistical  data, 
as  Dr.  Svedayr  has  noted. 

1)  Manifestations  oonmoaly  observed  in  adults  and  children 

Pharyngitis  is  virtually  constant  and  presents  no  characteristic 
symptom.  Bit  pharynx  is  red  and  congested,  vith  occasional  hyperplasia 
of  the  lymphoid  tissues.  The  amygdalae  may  he  large  and  the  seat  of 
small  whitish  elements.  In  the  absence  of  super-infection ,  there  is  no 
exudation...  fois  pharyngitis  is  sometimes  accompanied  by  adenopathy  in 
the  companion  area. 

Oonjtmctlvitie s  is  observed  in  isolation  cor  associated  with  pharyn¬ 
gitis.  Generally  it  begins  on  one  side,  settling  on  the  oenjunotiva  and 
the  solera,  especially  at  the  level  of  the  interior  angle  of  the  eye.  It 
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uay  bo  accc  sap  lulled  by  cdcKta.  Trio  conjunctiva  ia  congested,  may  ahow  eorno 
follicular  ol  cm  unto  ansi  ba  atrccciipnnled  by  a  ecu cation  of  the  pressnco  of 
a  foreign  body.  Corneal  opacities  a  ay  appeal*  in  the  period  of  convales¬ 
cence,  persisting  in  Lone  cases  far  years  and.  disturbing  vision.  Con¬ 
junctivitis  has  bt«i  observed  by  Jawatz  and  bis  collaborators  in  associa¬ 
tion  uith  adenovirus  typo  8,  and  occurring  principally  under  certain  con¬ 
ditions,  particularly  in  -workers  in  naval  construction  plants  (18). 

Fharyn gc-con jun c  tlval  fever  has  most  ofttn  been  observed  in  associa¬ 
tion  with  admovlrus  type  3  (19). 

Conjunctivitis  has  been  roproduoad  experimentally  with  volunteers 
when  tha  oenjunotiva  hue  b  o*n  mechanic  ally  irritated  prior  to  inooulatlon 
with  the  virus*  Simple  instillation  of  the  virus  does  not  enable  us  to 
reproduce  tbo  aissaso  (20).  1  prior  traumatism  of  the  tissues  therefore 
seams  to  be  neoossary,  either  for  the  penetration  of  the  virus  or  to  permit 
its  proliferation,  we  can  assume  that  dusts  may  play  such  a  role  under 
certain  conditions.  Ibis  is  apparently  the  case  in  the  naval  construction 
plants  m  on  timed  above. 

Respiratory  manif  aatatlor.ar  Thcea  ooour  ospooially  in  oortain  com- 
anmitiesi  such,  as  hospitals  (21 , 22) ,  vacation  camps,  and  military  training 
camps  (23).  TLqy  may  also  occfiir  in  family  surroundings.  They  spread 
relatively  little  and  build  limited  epidemic  foci.  They  are  accompanied 
by  a  f ever  with,  vide  oscillations,  dropping  in  the  morning  and  rising  again  in 
the  evening.  This  fervor  may  roach  as  high  as  39°  to  40°;  Coughing  is  often 
severe  and  paroxysmal.  Bronchial  affection  may  be  revealed  by  radiological  . 
Elimination  in.  tbo  form  of  lobar  opacities,  which  are  probably  due  particularly 
to  disturbances  in  ventilation.  When  the  seat  of  lesion  is  jorta-cnrtical , 
the  affection  may  also  be  parenchymatous,  with  monocyte  pleural  affusion. 

CHaotro— intestiagl  manifestations.  These  are  of  rather  oonridarablo 
frequency,  with  abdominal  pains,  vomiting  and  diarrhea.  It  is  cpproprlate 
in  thi.6  connection  to  recall  the  observations  of  Kjellen,  %ho  Isolated  ade- 
novirueas  from  oral-cures  of  mosentorio  ganglia  during  acute  noeenterio 
adenitis. 

Cutoneous  manifestations.  Transitory  morbilliform  eruptions  without 
secondary  douquamation  have  been  observed  on  tbo  face,  ncok,  nndthorax  (21, 

26).  Diagnostic  problems  are  furthermore  complicated  by  the  fact  that 
adenovirus  infections  may  perfectly  well  occur  during  convalescence  from 
measles. 


Although  the  prognosis  for  adenovirus  infection 3  is  usually  favor¬ 
able,  especially  in  countries  with  a  high  living  standard,  it  is  quite 
otherwise  in  certain  undeiprivileged  communities  or  countries  with  a  low 
living  standard. 

2)  Horc  uncommon  clinical  manifestations 


-  3  - 


Savcro  tdcnovirua  puaumo mi*  in  children.  Literature  on  this  subject 
has  reported  severe  or  fatal  menl  fa  station  □,  noatinpanAod  by  a  train  of 
sjmjrtom.i  not  usually  obisjrvad  in  adenovirus  affections.  3b  29  cases  of 
serious  adenoviral,  attacks,  studied  from  1955  to  1961  In  the  Saint  Vincent 
da  Paul  Qro'ip,  Dspartzwnt  of  Prof,  belong,  tha  incidence  of  various  clinical 
manifestations  is  summarised  in  Table  1: 

Table  1*  Clinical  manifestation 3  observed  in  20  cases  of  severe  adenovirus 
pneumonia  in  the  Paris  region  1955-1962. 

Pulmonary  manifestations  29 

Cutaneous  manlfo  station  s,  morbilliform  eruptions  6/29 
Severe  digestive  manifestations,  bloody  diarrhea  7/29 
Heart  failure  2/29 

EerVous  manifestations  —  paresis,  with  symptom  a 
of  pyramidal  affection a,  convulsions,  coma  6/29 

Severe  aLeetroaccephalograptaie  disturbances 
(2  oases  transitory  and  regressive)  4/29 

Acute  nephritis  5/29 

It  Is  Interesting  to  note  in  this  table  the  relatively  high  incidence 
of  severe  electro encephalo graphic  disturbances  which  may  be  transitory  and 
■regressive*  3b  parallel  fashion,  the  Incidence  of  renal  manifestations 
seams  relatively  high. 

the  severity  of  certain  adano virus  epidemics  mas  also  reported  by 
a  (jhinaso  author  daring  the  great  Peiping  spidwdLo  of  1958.  Table  2 
summarised  thin  author's  observations.  Out  of  3,398  cases  of  severe 
pneumonia,  528  mere  fatal,  autopsy  was  made  in  110  oases,  and  adenovirus 
pnenjacnia  lesions  wore  observed  92  tines.  Of  84  pulmpnary  cases*-  adeno¬ 
viruses  of  typo  3  or  7  were  isolated  57  times,  while  nyoxo viruses  were 
isolated  only  18  times  (3  stocks  of  Aslan  Hu  A2,  15  stocks  of  mynanvirua 
parainfluenza  1  Sendai).  A  high  incidence  of  nervous  manifestations 
during  this  epiAanio  was  also  reported. 

Table  2.  Peiping  epidemic  of  1958,  reported  by  Teng  Chin-Esim. 

Ibtal  3,398 

Fatal  pneumonia  528 

Autopsies  HO 

Characteristic  adenovirus  lesions  92 

Isolation  of  adenovirus  type  3,  7  57 

Etyoio  virus  •  18 

Anatomic  aspects  of  adenovirus  pneumonia 

a)  The  anctomio  lesions  are  dhuruoteristiaally  pulmonary. 

It  was  Goodpastara  and  othars  (31)  who  drew  attention  to  tha 
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peculiar  aspect  of  theca  lesions  to  1939-  However,  at  that  time  they  were 
j;o  t  able  to  pinpoint  the  vlraa  involved.  <v- 

to  1?55,  hi  Prof.  Lclong's  department,  in  association  with  Le  Tan 
Vinli  and  Satgo,  try  isolating  the  virus  and  by  en  anatomical  study  -wo  wore 
able  to  idsatity  tha  jnensaotsi*  described  by  Goodpasture  on  adenovirus 
p&cumonlu. 


This  pacUHonia  is  charaotarlced: 


1)  by  necrotic  lesions  predominating  in  the  bronchia  and  affecting 
the  ciliated  epithelium ;  these  lesions  nay  spread  to  the  pulmonary 
paxenchyma; 

2)  by  the  presence  of  cells  with  a  swollen  nuolcuo  containing 
ant  oostoophilo  or  basophilic  inclusion  surrounded  by  clear  vacuoles;  these 
Inclusions  spare  the  nucleolus,  and  are  thus  di wtto  gut  shod  from  the  herpetic 
lesions; 

3)  by  localization  of  the  specific  lung  lesions;  the  Isolated 
viruses  in  these  cases  were  usually  of  type  7*  occasionally  of  type  3* 

b)  Congo  stive  non-specific  lesions  have  been  reported  by  a  number 
of  authors,  to  this  case  no  focus  of  necrosis  is  found.  It  seems  probable  . 
that  in  most  of  these  cases,  the  cause  of  death  is  not  connected  with  the 
adenovirusas,  but  with  another  associated  affection. 

B.  Chranlo  Adenovirus  Infections 

Although  acute  adenovirus  infections  havo  boon  relatively  voll 
studied,  our  knowledge  of  chronic  adenovirus  inf  cations  is  certainly 'still 
vary  fragmentary,  to  the  introduction  ue  insisted  on  the  importance  of 
exposing  latent  viruses  by  oell  culture.  Adenoviruses,  particularly  types 
1,  2,  5,  6  may  persist  for  a  vary  long  time  to  the  anygdalao  and  adenoids 
without  our  being  very  sure  under  shat  fora.  '  Recently  the  hypothesis  was 
expressed  that  interferon  would  ba  capable  of  intervening  to  the  maintenance 
of  chronic  infection  (32,  33.  3^,  35). 

Experimental  cell  culture  patterns  have  been  produced  in  vitro  by 
a  great  number  of  authors.  It  has  been  observed,  that  a  real  balance 
exists  between  viral  multiplication  and  interferon  production  in  certain 
•-  systems. 


However  interesting  these  experimental  patterns  may  be,  it  is 
difficult  to  draw  on  analogy  between. too  systaas  studied  to  vitro  and 
happenings  observed  to  vivo,  to  the  systems  'chronically  infected  to  vitro, 
the  production  of  interferon  is  closely  connected  with  viral  multiplication , 
and  there  is  no  proof  that  the  adenoviruses  multiply  constantly  or  inter¬ 
mittently  to  too  amygdalae.  Moreover,  the  adenoviruses  do  not  seam  to  be 
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very  sensitive  to  the  action  of  interferon.' 

Although,  little  understood,  the  problem  of  ciuronlo  adenovirus  infec¬ 
tions  has  great  interest  from  the  theoretical  point  of  view. 

A  recent  American  report  by  J.  J.  Trentin,  Yabe  and  Taylor  (35) 
makes  one  of  Hie  adenovirusoB,  type  12,  a  responsible  agent  in  the  can¬ 
cerous  transformation  a  of  cells.  This  virus,  given  to  a  baby  hamster  by 
intrapulxonary  inoculation,  produced  tumors  in  the  thorax  in  hi  out  of  4j 
oases,  vith  the  tumors  spreading  to  the  liver  in  6  cases. 

If  this  work  is  oonfirmed,  this  important  observation  could  supply 
a  now  attatulua  to  the  study  of  Adenoviruses.  Ve  may  conclude  from  this 
study  that  the  pathogenic  action  of  the  viruses  in  the  organism  is  often 
unforeseeable,  and  that  in  fact  adenoviruses  axe  as  much  respiratory  as 
they  are  enteric  viruses,  and  axe  perhaps  even  oncogenic  viruses.  Viruses 
may  not  be  defined  in  terns  of  the  organ  in  uhich  they  multiply  or  in 
tarns  of  lesions-  in  the  tissues.  Likewise,  they  nay  not l>e  defined  by  the 
clinical  manifestations  they  produce.  Vhat  defines  the  virus  is  the  mor¬ 
phological  structure  of  the  particle  and  the  chemical-  and  antigenic  nature 
of  its  constituents. 

Summary 

Adenoviruses  may  be  defined  as  follows  i 


1)  They  form  a  group  of  viruses  which  carry  out  characteristic 
nuclear  changes  in  cell  structure. 

2)  The  diameter  of  the  viral  particles  IS  from  80  to  100  milli¬ 
microns.  The  particle  Is  made  up  of  a  oapsule  (cap side)  of  2,  3,  5  cubic 
symmetry  and  acf  252  ospeemeres. 

til  adenoviruses  produce  an  antigen  deviating  the  specific  comple¬ 
ment  of  the  group.  With  the  help  of  neutralization  reactions  and  by 
inhibiting  hemagglutination  ve  may  distinguish  28  types  of  adenoviruses. 

^Clinically,  the  adenoviruses  may  produce  acute  and  chronic  infections.. 

The  acute  Infections  are  now  quite  well  known  and  have  btan  schema¬ 
tically  presented  is  this  report. 


\  The  manifestations  usually  observed  ere: 


<  1)  oonjunotlvltls;  2)  phaiyngo-conjunotlval  syndroms,  3)  isolated 
pharyngitis,  4)  atypical  pneumonia  without  cold  agglutinins,  5)  morbilli¬ 
form  eruptlona.  N 

■-*  Tnfjmrila  pneuBonia  aay  in  certain  cases  be  accompanied  by  encephalic  — • 


and  renal  manife stations.  Hio  evolution  may  be  severe,  aometdnes  fatal. 
Anatomic  lesdcna  are  essentially  pulmonary.  Ta  typical  oases  necrotic 
pneumonia  -with ' inclusion s  is  involved. 

'■  Gn  the  other  hand,  the  chronic  infections  are  little  understood. 

&  tha  first  isolations  of  adenoviruses,  it  was  demonstrated  that 
these  viruses  may  persist  a  long  tine  in  the  organism  in  a  latent  state, 
particularly  in  the  lymphoid  tissues.  The  form  and  conditions  of  persis¬ 
tence  of  the j virus  in  the  tissues  are  not  knout. 

'  .  i  recent  stnety’  attributes  a  cancerous  role  in  the  taby  hamster  to 
adenovirus  type  12.  (  }  ^ 
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